UNCOVERING THE ROLE OF THE RODENT DORSAL HIPPOCAMPUS IN
SPATIAL AND OBJECT MEMORY RETRIEVAL

by

Lisa Rios

A Thesis Submitted to the Faculty of
The Charles E. Schmidt College of Science
in Partial Fulfillment of the Requirements for the Degree of

Master of Arts

Florida Atlantic University
Boca Raton, FL
April 2011



UNCOVERING THE ROLE OF THE RODENT DORSAL HIPPOCAMPUS IN
SPATIAL AND OBJECT MEMORY RETRIEVAL

by
Lisa Rios

This thesis was prepared under the direction of the candidate’s thesis advisor, Dr. Robert
W. Stackman, Department of Psychology, and has been approved by the members of her
supervisory committee. It was submitted to the faculty of the Charles E. Schmidt College
of Science and was accepted in partial fulfillment of the requirements for the degree of
Master of Arts.

SUPERVISORY COMMITTEE:

[t A ot

#Robert W. Stackngéf, Jr., Ph.D.
Th Advisor

Dt Ut

Robert P. Vertes, Ph.D.

aci=>

Alan W. Kersten, Ph.D.

BM«A C—,L\/r-/f’

David L. Wolgin, Ph.D. [
Chair, De 0 chology

Gary W. Pérry, PHD. V
Dean, The Charles E. Schmidt College

of Science
f”"“-7 7'%»/)— Idﬁﬂ[ 11,204
Barry T. Rbsson, Ph.D. Date :

Dean, Graduate College

ii



ACKNOWLEDGEMENTS

| would like to thank my family for their love and encouragement, especially my
husband, Julius, who has cheered me on and supported me through every challenge.

| would like to thank my advisor, Dr. Robert W. Stackman, Jr., for giving me the
opportunity to work in his lab, and for all the guidance and encouragement that he has
offered to me.

I would like to thank my committee memebers, Dr. Robert W. Stackman, Dr. Robert
Vertes and Dr. Alan Kersten, for their direction in preparing this thesis.

I would like to thank the National Institute of Health for the training support provided by
grant NIH: 150134.

Finally, 1 would like to thank my colleagues on the 5" floor, especially Joan Lora and
Gongliang Zhang, who were always willing to help in any way possible.



ABSTRACT
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Male C7BL/6J mice were implanted with bilateral dorsal CA1 guide cannulae.
After confirming that intrahippocampal microinfusion of muscimol impaired
hippocampal function, demonstrated by impaired performance in the Morris water maze,
the influence of intrahippocampal muscimol was tested in the Novel Object Recognition
paradigm. During a test session 24 h after the last habituation/sample session, mice were
presented with one familiar object and one novel object. Successful retention of object
memory was inferred if mice spent more time exploring the novel object than the familiar
object. Results demonstrate that muscimol infused into dorsal CA1 region prior to the test
session eliminates novel object preference, indicating that the hippocampus is necessary
for the retrieval of this non-spatial memory—a topic that has garnered much debate.
Understanding the similarities between rodent and human hippocampal function could
enable future animal studies to effectively answer questions about diseases and disorders

affecting human learning and memory.
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PART I: INTRODUCTION

1.1 Purpose of studying rodent learning & memory

Insights into human learning and memory originated from observations of
amnesic patients. These case studies provided an invaluable jump-start to the study of
memory processes, but the information they provided was limited, to say the least.
Fortunately, strong correlations can be drawn between humans, monkeys and rodents,
thereby permitting more controllable studies. If human learning and memory, as well as
the learning and memory deficits that result from injury or disease, can be modeled in
non-human animals, it will be possible to conduct experiments that will vastly increase
our understanding of the human brain. However, in order for this to be possible, one must
first establish that specific species are similar enough to serve as animal models. The
appropriateness of rodents as animal models for human learning and memory has
encountered much debate. Confirming the similarities between rodent and human
mechanisms of learning and memory will enable future research to utilize rodent models
to address questions relevant to human learning and memory.
1.2 Multiple Memory Processes

Memory can be divided into several distinct processes. The initial acquisition of a
memory is referred to as encoding. Consolidation is the process by which the memory is
saved, enabling it to be recollected at a later time. Memories that are maintained over

long periods of time are said to be stored. Retrieval is the memory process by which



previously consolidated and/or stored memories are brought into conscious recollection
for application. Re-consolidation might comprise a final memory process: the idea behind
re-encoding is that once a memory is retrieved, it must be re-consolidated if it is to be
retrieved again at a later time. Whether or not specific types of memory are encoded,
consolidated, stored and retrieved by one structure or not is a topic of much debate;
alternatively, different structures might work in orchestration, each supporting different
memory processes. This issue will be discussed in greater detail in later sections.
1.3 Multiple Memory Systems

It first became evident that the medial temporal lobe is the dwelling place of
human memory in 1957 when Henry Gustav Molaison, the patient better known as H.M.,
underwent a medial temporal lobe resection in order to alleviate his debilitating drug-
resistant epilepsy (Scoville & Milner, 1957). As a result of the operation, H.M.’s
epilepsy was greatly alleviated; unfortunately, this remedy cost H.M. his memory.
H.M.’s ensuing retrograde and anterograde amnesia provided evidence that structures
within the medial temporal lobe are vital for memory (Scoville & Milner, 1957).
However, H.M.’s otherwise intact intelligence and his unimpaired ability to perform day-
to-day functions quickly clarified that memory is dissociable from other intellectual
functions; furthermore, H.M.’s preserved ability to learn new motor skills and new
perceptual skills demonstrated that memory comprises more than one entity and resides
in more than one brain region (Corkin, 1984).

In addition to the studies of H.M., clinical studies of other patients supported the
conclusion that the medial temporal lobe is necessary for some, but not all, types of
learning and memory (Bertolucci et al., 2004; Rempel-Clower, Zola, Squire, & Amaral,
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1996; Schmolck, Kensinger, Corkin, & Squire, 2002; Spiers, Maguire, & Burgess, 2001;
Zola-Morgan, Squire, & Amaral, 1986) . In a 2001 comprehensive review, Spiers,
Macguire and Burgess combined the findings of 147 case studies, as covered across 179
publications; they concluded that although bilateral hippocampal damage consistently
resulted in severe episodic memory deficits, short-term memory, as is often assessed by
asking the patient to immediately recall a span of digitally presented digits, and
mnemonic, or implicit, abilities were preserved (Spiers et al., 2001).

Nonhuman primates with medial temporal lobe damage also demonstrate
evidence of multiple memory systems; in fact, the theory of multiple memory systems
was first generated from studies involving monkeys. In 1974, David Gaffan lesioned the
fornix of monkeys, thereby damaging hippocampal — subcortical connections, and
observed their performance in recognition and familiarity tasks relative to that of
controls. His finding that recognition memory was impaired while associative, or
familiarity-type, memory remained intact led to the understanding that only particular
types of memory are dependent upon the hippocampus (Gaffan, 1974). Since that
revelation, several studies have demonstrated that in spite of hippocampal damage, both
monkeys and rodents are unimpaired at tasks assessing habit or skill learning (Squire,
1992).

While it is clear that the medial temporal lobe is necessary for some types of
learning and memory in humans, monkeys and rodents, it is also evident that all three of
these species exhibit types of memory that function independently of the medial temporal
lobe. Thus, in addition to multiple memory processes, there are also multiple memory

systems.



In a simplified model, memory can be subdivided into declarative and non-
declarative categories (Figure 2). Declarative, also known as explicit, memory includes
semantic memory for facts and episodic memory for events (Cohen & Eichenbaum,
2001); episodic memory also encompasses a strong spatial component. Declarative
memory has been shown to rely on the medial temporal lobe. Non-declarative, or
implicit, memory is memory for simple conditioning, procedures, motor skills and pattern
analyzing, and seems to function relatively independently of the medial temporal lobe
(Cohen & Squire, 1980; Davis, 2001; Squire, 1992; Squire & Zola-Morgan, 1988).
Studies that take a closer look at the different types of memory and the structures that
support them have made it possible to more strongly infer the similarities in learning and
memory between humans, monkeys and rodents.

1.4 Implicit Memory

The independence of implicit memory from the medial temporal lobe is
exemplified by H.M.’s ability to learn such perceptual-motor skills as mirror drawing
despite his inability to remember learning such skills (Corkin, 1984). Likewise, patient
Clive Wearing, an English musician who became amnesic after herpes encephalitis virus
attacked his brain, is able to easily access the cups and sugar in his post-amnesia home
even through he is unable, if asked, to remember where these things are located (Sacks,
2007). In addition to H.M. and Clive Wearing, clinical studies of other patients support
the conclusion that medial temporal lobe damage does not directly affect implicit
learning. For example, patient L.M., who developed amnesia after experiencing
respiratory distress and several tonic clonic seizures possibly related to previous alcohol
abuse, demonstrated impaired memory on both recall and recognition assessments for the
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remainder of his life; he also suffered from impaired spatial location memory, but
maintained normal implicit memory for spatial sequences and for skill learning (Rempel-
Clower et al., 1996; Spiers et al., 2001).

The sparing of implicit memory despite medial temporal lobe damage has been
documented in other species, as well (Squire, 1992). For example, monkeys who had
undergone a bilateral resection of the hippocampi and amygdala performed as well as
controls in a task that relied strictly on skill learning (Zola-Morgan & Squire, 1984), and
rodents with medial temporal lobe lesions were unimpaired when learning simple passive
avoidance tasks and tasks that required the learning of a single action in response to a
sensory cue (Packard, Hirsh, & White, 1989). Likewise, Eichenbaum et al. (1988) found
that rats with hippocampal lesions were able to outperform the control group in an odor
discrimination task that required the rats to respond to successively presented odors in a
go/no-go task. These findings provide evidence that rodents, monkeys and humans,
alike, possess an implicit memory system that is distinct from other types of memory and
independent from the medial temporal lobe.

1.5 Spatial Memory

On the other hand, it is well established that spatial memory depends on the
medial temporal lobe (Eichenbaum, 2001). This subset of declarative memory supports
learning and memory of the spatial environment and facilitates successful goal-oriented
navigation.

Parslow et al. (2005) used an immersive virtual reality (IVR) system to assess
allocentric spatial memory in patients who had undergone unilateral temporal
lobectomies; they found that the right temporal lobe patients were impaired relative to
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both controls and left temporal lobe patients, indicating the importance that the right
temporal lobe plays in spatial memory (Parslow et al., 2005). However, whether human
spatial memory depends uniquely on the right hippocampus or also on the right
parahippocampal cortex has been debated. In a unique study, Veronique Bohbot and her
colleagues assessed the abilities of patients who had endured right hippocampal and right
parahippocampal cortical damage as a result of a single electrode thermocoagulation
procedure attempted to alleviate epilepsy (Bohbot et al., 1998).Along with other groups,
these patients were assessed in a battery of tests, many of which were intended to be
human models of assessments typically used to assess rodents. Results from a Rey-
Osterrieth complex figure task, in which patients attempt to redraw from memory a
previously viewed picture, and an object location recollection task indicate that the right
hippocampus is, indeed, necessary for some spatial tasks; however, the data from a test
analogous to the Morris water maze, the invisible sensor task, indicate that damage
restricted to the hippocampus results in some spatial memory savings, but that conjoint
damage to the parahippocampal cortex causes more severe spatial impairments (Bohbot
et al., 1998). The fact that the patients who comprised the right hippocampal lesion group
performed unexpectedly well on several of the tasks might indicate that the lesions were
not large enough to cause the extent of deficit that is generally associated with
hippocampal damage; it is possible that the parahippocampal cortex group seemed more
impaired not because the parahippocampal cortex is more important than the
hippocampus in spatial memory but simply because the patients in the parahippocampal
group generally had larger lesions which also encompassed a greater portion of the

hippocampus.



One study that more strongly supports the specific role of the human
hippocampus in spatial memory is a 1997 positron emission tomography (PET) study of
London’s taxicab drivers. The study revealed that the right hippocampus was
preferentially activated when the drivers recalled routes through the city, though it was
not activated when the same subjects recalled non-spatial information, such as plots from
previously viewed movies (Maguire, Frackowiak, & Frith, 1997).

Studies of nonhuman primates further support the theory that spatial memory
relies on the hippocampus. Parkinson, Murray and Mishkin (1988) found that
cynomolgus monkeys who had undergone hippocampectomy performed at chance on
both place recollection and object-place association tests, indicating that the hippocampus
is necessary for spatial location memory whether or not it involves a more complex
object-place association.

Rodents with hippocampal lesions also demonstrate a clear impairment on spatial
tasks. Reports of the impairments resulting from hippocampal damage (Jarrard, 1978;
Olton, Collison, & Werz, 1977) , combined with the discovery of place cells in the
hippocampus of rodents (O'Keefe & Dostrovsky, 1971; Squire, Stark, & Clark, 2004)
provided strong evidence that the hippocampus is necessary for spatial and contextual
memory. Using single cell microelectrode recording, O’Keefe and Dostrovsky recorded
the action potentials of hippocampal cells; they found that the firing of individual cells
correlated with the rat’s location in a testing arena, forming the foundation of Tolman’s
previously coined “cognitive map” (O'Keefe & Dostrovsky, 1971; Tolman, Ritchie, &
Kalish, 1946). O’Keefe and Nadel’s 1978 book, The Hippocampus as a Cognitive Map,
bolstered the idea that the hippocampus plays an essential role in spatial memory
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(O'Keefe & Nadel, 1978).

In 1982, Richard Morris published his findings on the spatial navigation abilities
of rodents. He found that when placed in a pool of opaque water, later dubbed the Morris
water maze, rodents could learn to efficiently navigate to a submerged platform (Figure
3). With enough training, the rats learned to use extra-maze visual cues to navigate to the
platform despite the location of the starting point; in fact, well-trained rats were able to
successfully navigate to the submerged platform even when they were placed in the pool
from a novel starting location. Morris discovered that rats with hippocampal lesions were
impaired at learning this spatial task when they had to rely on extra-maze cues to
navigate, supporting the notion that spatial navigation is a hippocampal-dependent task
(Morris, Garrud, Rawlins, & O'Keefe, 1982). The radial arm maze has also provided
evidence that rodents with medial temporal lobe lesions are impaired on tasks that require
the animal to remember where it has been (Packard et al., 1989), but the Morris water
maze has become the standard rodent spatial navigation task. It has been used to
demonstrate that, rodents, like humans and monkeys, possess spatial navigation memory
that is dependent upon the hippocampus. Unfortunately, hippocampal contributions to the
other domains of declarative memory are not as well understood.

1.6 Semantic Memory

Semantic memory, memory for facts that are not inextricably linked to specific
events or contexts, raises the first question about declarative memory: is semantic
memory, like episodic memory, housed in the hippocampus? Generally, episodic and
semantic memory impairment go hand-in-hand, indicating that they are part of one
memory system and both depend on the hippocampus (Squire et al., 2004); however,
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clinical studies provide ample debate regarding this conclusion. Patients, such as H.M.
and Clive Wearing, who clearly lack the ability to form new episodic memories, exhibit
some preservation of semantic abilities. For example, in her 1984 report, Corkin stated
that H.M. “.. .has islands of remembering, such as knowing that an astronaut is someone
who travels in outer space, that a public figure named Kennedy was assassinated, and that
rock music is ‘that new kind of music we have’” (Corkin, 1984, p. 255). These ‘islands of
remembering’ all represent semantic memories that H.M. could have only learned post-
operatively. Likewise, Clive Wearing doesn’t recognize the name of England’s former
Prime Minister John Major, yet Wearing spontaneously generates the name John Major
when he sees the initials J.M. (Sacks, 2007).

As would be expected, bilateral hippocampal damage sustained early in life
results in severe episodic memory impairment, but the intact semantic abilities and
relatively normal cognitive development of these patients have been presented as
evidence that semantic memory processes depend on neural substrates independent of the
hippocampus (Vargha-Khadem et al., 1997). Vargha-Khadem et al. (1997) propose that
semantic memory can be largely supported by the perirhinal and entorhinal cortices
(Figure 4), and can therefore be sustained in spite of hippocampal damage. They argue
that semantic memory is only affected in hippocampal patients when these underlying
cortices are also affected, as in the case of H.M. (Scoville & Milner, 1957; Vargha-
Khadem et al., 1997). This explanation that semantic memory impairment accompanies
episodic memory impairment only in the presence of perirhinal and entorhinal cortical
damage might provide an explanation for the variable impairments among amnesic
patients (Spiers et al., 2001; Squire, 1992). Alternatively, it is possible that the patients in
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the Vargha-Khadem study exhibited preserved semantic abilities because their
hippocampal damage occurred so early in life that their brains developed compensatory
mechanisms to support semantic learning (Squire et al., 2004). Of course, then one
would wonder why compensatory mechanisms for episodic memory didn’t also develop.

A 2003 study contradicted Vargha-Khadem et al.’s conclusion that semantic
deficits ensue only when damage extends beyond the hippocampus, into the perirhinal
and entorhinal cortices. Manns, Hopkins and Squire (2003) examined semantic
knowledge deficits in five amnesic patients with damage limited to the hippocampus.
They found that these patients did, indeed, exhibit significant semantic memory
impairments. The results support the conclusion that semantic memory, like episodic
memory, is encoded in the hippocampus. Alternatively, it is possible that the semantic
impairments might not be a result of a specific semantic impairment, but rather a result of
losing the aid episodic memories when trying to retrieving semantic facts; however, the
study revealed that semantic memory is impaired in amnesic patients relative to controls
even after controlling for the contribution of episodic memory when non-amnesic
patients recall semantic memories. These results indicate that the semantic deficits
observed in amnesic patients are not merely a result of losing the aid of episodic memory
when retrieving semantic memory (Manns et al., 2003).

One possible explanation for the partially preserved semantic abilities of both
early-onset and adult-onset amnesic patients is that the semantic memories are, by
definition, not tied to a distinct episode; rather, they are general knowledge facts that are
acquired after significant repetition. It makes sense that facts that are repeatedly
encountered could eventually be learned, even if semantic memory is usually dependent
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upon the hippocampus (Manns et al., 2003; Squire et al., 2004). Likewise, it would be
expected that if these patients had repeated exposure to the same episodic event, it, too,
would be remembered to the same handicapped degree that semantic abilities are
preserved.

Despite these theories, it has been difficult to ascertain what accounts for an
apparent partial saving of semantic memory in amnesic patients because of the challenge
in completely separating semantic knowledge from episodic memories. Perhaps the
semantic elements that are preserved in hippocampal patients reflect the effect of a
hippocampal-independent familiarity-based form of memory. This raises another topic of
debate in the literature regarding the role of the hippocampus in declarative memory; the
debate regarding familiarity and recollection is discussed in Section 1.8.2.

1.7 Episodic Memory

Episodic memory, memory for the what, when and where details of events
(Tulving, 2002), is the final subgroup of declarative memory to be discussed. Although
episodic memory still presents some questions, one thing is clear: the human
hippocampus plays an important role in episodic memory.

Across the board, patients who suffer hippocampal damage exhibit episodic
memory deficits. Their abilities to encode new memories (anterograde) and, to varying
degrees, to retrieve old memories (retrograde) are markedly impaired (Corkin, 1984;
Spiers et al., 2001; Squire et al., 2004). The deficit that patients with hippocampal
damage exhibit in forming and retrieving memories of personal experiences is strong
evidence that this ability relies on the function of the hippocampus. Although not as
clearly episodic in the traditional sense, episodic memory in patients is typically assessed
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via recollection of verbally presented word lists or complex visual figures (Spiers et al.,
2001; Vargha-Khadem et al., 1997).

Monkeys with surgically- or ischemia-induced hippocampal lesions also suffer
from episodic memory deficits, as exhibited by impaired performance in delayed non-
match to sample (DNMS) and delayed match to sample (DMS) tasks. In the DNMS and
DMS tasks, the animal is rewarded for selecting a novel object over a familiar object, or a
familiar object over a novel object, respectively, thereby demonstrating recognition of the
familiar object as such (Squire, 1992).

Likewise, Eichenbaum et al. (1988) found that rats with hippocampal lesions
were impaired in a go-left/go-right task that required them to alter behavioral choices
based on the location of two different odors (Eichenbaum et al., 1988). Despite these
findings, the role of the rodent hippocampus in episodic memory continues to be debated;
a more thorough discussion of episodic memory as it relates to rodents is presented in
Section 1.9.

1.8 Episodic Memory Debates

Clinical studies of patients who have suffered hippocampal damage and monkey
and rat studies that induce hippocampal lesions implicate the hippocampus as an essential
structure for declarative memory. However, several questions specific to declarative
memory remain.

1.8.1 Does the hippocampus play a time-limited role in declarative memory?

The first question addresses the variability in retrograde amnesia, as presented in
the Spiers et al. (2001) review. Although initial judgments estimated that H.M.’s
retrograde memory dated back to about two years before his surgery, more in depth
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interviews revealed that H.M. had actually lost his declarative memories dating back as
far as eleven years before his medial temporal lobe resection (Corkin, 1984). The issue of
H.M.’s retrograde amnesia is confounded by his history of epilepsy: eleven years before
surgery coincides with the onset of H.M.’s epilepsy and his being treated with toxic doses
of anticonvulsant medications (Corkin, 1984). Therefore, it is difficult to establish if
H.M.’s retrograde amnesia was actually a result of his surgery or if it can be attributed to
seizures or to the anticonvulsant medications with which he was treated for years. Less
complicated examples of retrograde amnesia resulting from isolated hippocampal
formation damage are those of patients L.M. and W.H. whose memory deficits dated
back approximately 15 and 25 years, respectively (Rempel-Clower et al., 1996). Even
damage limited to the CA1 field of the hippocampus appears sufficient to cause
retrograde amnesia; patients R.B. and G.D. with such restricted hippocampal damage
exhibited retrograde amnesia encompassing 1 to 2 years (Rempel-Clower et al., 1996).
Due to the graded retrograde amnesia among hippocampal-damaged patients, it is widely
believed that the hippocampus plays a time-limited role in the formation and storage of
both semantic and episodic knowledge (Manns et al., 2003; Squire et al., 2004).

Aside from the variability in retrograde amnesia among hippocampal patients, one
fact is clear: not all memories from the past are lost. It seems, then, that memories
eventually become independent of the hippocampus. There are several theories as to how
this happens. Traditional consolidation theory (TCT) posits that declarative memories are
encoded in the hippocampus but are eventually transferred out to neocortical regions for
long-term storage. This theory offers a logical explanation for the phenomenon of graded
retrograde amnesia: patients suffering hippocampal damage are able to remember events
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that were transferred to the intact neocortical regions prior to the onset of amnesia
(Alvarez & Squire, 1994; Rempel-Clower et al., 1996). However, this theory is
problematic because some patients with retrograde deficits might have “lost” all
memories from the past two or three decades; traditional consolidation theory would
imply that it must take this long for memories to be consolidated into the neocortex—a
proposal that does not seem evolutionarily logical (Kopelman & Kapur, 2001). Multiple
trace theory (MTT), on the other hand, presents the idea that memories are never shifted
completely out of the hippocampal region; instead, with a first encounter, a memory trace
between the hippocampus and the neocortex is created. Each time that memory is
activated, the trace network grows bigger and more elaborate. Eventually, this network
might be sustainable even in the event of hippocampal damage because of the strength of
the trace (Nadel & Moscovitch, 1997). This theory is weakened, however, by patients
with severe anterograde amnesia, indicating significant hippocampal loss, but retrograde
amnesia expanding only two to three years back (Kopelman & Kapur, 2001); according
to MTT, hippocampal damage widespread enough to cause severe anterograde amnesia
should also result in severe retrograde amnesia. Also, MTT would predict an incredible
network of traces for every retained memory; perhaps this volume of traces is not
practical. Finally, a theory proposed by Cermak (1984) states that frequent rehearsal of
episodic memories gradually makes them semantic. This theory would imply that over
time memories become less vivid but better preserved; however, this possible explanation
has two problems. First, it rests on the unconfirmed theory that semantic memory resides
outside the hippocampus; second, it does not account for graded retrograde amnesia of
semantic memories (Kopelman & Kapur, 2001). Despite these theories, the actual role of
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the hippocampus in the retrieval of long-term memories remains unclear.
1.8.2 Are familiarity & recollection both supported by the hippocampus?

Eichenbaum classifies the distinction between familiarity and recollection; the
former is a rapidly accessed “sense” that depends on the perirhinal cortex but not the
hippocampus, while the latter involves qualitative associations and relies on the
hippocampus and the parahippocampal cortex (Eichenbaum, Yonelinas, & Ranganath,
2007). Receiver operating characteristics (ROCs) are one method of visualizing this
distinction: by plotting the proportion of hits to false alarms over varying confidence
levels, one can produce a ROC curve whose y-intercept provides a measure of
recollection and whose degree of curvilinearity provides a measure of the difference of
familiarity between new and previously encountered items (Eichenbaum et al., 2007).
Additionally, the remember/know distinction provides another way of delineating the
difference between recollection, or remembering and familiarity, or knowing. The
remember/know method requires subjects to distinguish between known items for which
they can or cannot remember qualitative details (Eichenbaum et al., 2007). Similarly, the
relational-recognition method also distinguishes between recollection in which subjects
can remember the time or place when an item was studied and familiarity in which
subjects can remember an item but cannot recall the details of where or when it was
studied (Eichenbaum et al., 2007). Finally, event-related brain potentials (ERPs) recorded
during memory tasks have revealed that familiarity depends more strongly on a mid-
frontal region while activation in the parietal region is a more robust indication of
recollection (Eichenbaum et al., 2007).

It was once believed that the medial temporal lobe (MTL) is necessary for
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recollection but that familiarity is independent of the MTL and depends, instead, on the
association cortex. More recently it has been hypothesized that the MTL is necessary for
both recollection and familiarity (Eichenbaum et al., 2007), but this theory is undermined
by the impairments found in amnesic patients with MTL damage: recollection is
abolished, but familiarity is affected to varying degrees. These findings all seem to
support the theory that the hippocampus is essential in supporting episodic-like
recollection and that the parahippocampal region supports familiarity. In the presence of
damage restricted solely to the hippocampus, familiarity is salvaged; however, when the
parahippocampal region is also damaged then familiarity suffers, as well. Alternatively,
Squire et al. ( 2004) argue that recollection and familiarity seem to be differentially
affected by MTL damage not because they depend on different structures, but because
they rely on different amounts of a functional hippocampus; in other words, while
recollection might be affected with even 30% of hippocampal damage, more extensive
damage (perhaps up to 75%) might be necessary before familiarity-based impairments
are exhibited (Broadbent et al., 2004; Squire et al., 2004).

Despite the strides that have been made in understanding the role of the
hippocampus, many questions remain regarding the memory systems of primates; even
within the declarative memory category, there are subsets of memory that are difficult to
attribute to a specific brain region. These questions, among others, also riddle the field of
rodent studies.

1.9 The Rodent Hippocampus & Episodic Memory

The first challenge researchers face in studying declarative memory in rodents is

establishing whether rodents even possess such a type of non-spatial memory (Cohen &
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Eichenbaum, 2001). Ennaceur and Delacour took the first step in addressing this debate
by developing a spontaneous novel object recognition (NOR) task for rats (Ennaceur &
Delacour, 1988). The task was similar to the visual paired comparison (VPC) test
(Fagan, 1970) that was previously used to assess novelty recognition abilities in human
infants (Clark et al., 2000; Ennaceur & Delacour, 1988). In the novel object recognition
task, the rat is first exposed to two identical objects during a sample session, which is
followed by a brief delay and then the test session, in which the rat is exposed to two
non-identical objects—one familiar object from the sample session and one novel object.
Ennaceur found that rats will spend more time exploring the novel object than the
familiar object (Ennaceur & Delacour, 1988), just as human subjects will look longer at a
novel picture in the VPC task (Fagan, 1970). The rat’s preference for the novel object, as
indicated by significantly more time spent exploring it than spent exploring the familiar
object, is evidence that the rat recognizes the familiar object from the sample session.
This arguably non-spatial object memory is evidence that rodents do, indeed, possess a
form of non-spatial episodic memory.

A great effort has been made to develop rodent tasks that require the same what,
when and where recollections characteristic of human episodic memory. One such study
implemented a modified version of an 8-arm radial maze in conjunction with a food-
caching paradigm to demonstrate that rats are able to conjoin what memories (what food
reward was presented) with where memories (which arm contained the different food
rewards) and when memories (how long ago or what time of day the most preferential
reward is available) (Babb & Crystal, 2006). These findings provide strong support that
rodents possess epis